Three human malignant melanomas were cultured in pure populations and one tumor was cloned into melanotic and amelanotic cell lines. In the homogenates of these cultured cells, specific collagenase activities were demonstrated by isotope release from 14 C-labeled collagen, disc electrophoresis, and specific cleavage of collagen molecules as demonstrated in the segment long spacing form. No significant collagenase activity was observed in the culture media. Interestingly, early cultures had a high collagenase activity in the cells and as they were successively subcultured, the activity diminished. Cysteine completely inhibited the degradation of tropocollagen as determined by disc electrophoresis and EDTA partially inhibited the degradation. It is concluded that human malignant melanoma cells produce a specific collagenase in vitro which can be extracted in early culture directly from the homogenate.
C-labeled collagen, disc electrophoresis, and specific cleavage of collagen molecules as demonstrated in the segment long spacing form. No significant collagenase activity was observed in the culture media. Interestingly, early cultures had a high collagenase activity in the cells and as they were successively subcultured, the activity diminished. Cysteine completely inhibited the degradation of tropocollagen as determined by disc electrophoresis and EDTA partially inhibited the degradation. It is concluded that human malignant melanoma cells produce a specific collagenase in vitro which can be extracted in early culture directly from the homogenate.
In recent years it has become increasingly clear that various mammalian tumors including skin malignancies (6-9) possess collagenolytic activities. Tumor infiltration in the skin requires a breakage of dermal collagen barriers and, therefore, collagenolytic activities have been considered to play an important role in tumor invasion. We have demonstrated specific collagenase activities directly in the tumor homogenates of basal cell epithelioma (7, 8, 10) , squamous cell carcinoma 1 Supported by a Medical Investigatorship Award and Designated Component Research Funds of the Veterans Administration. 1 Reprint requests to: Hideo Ohyama, Department of Biochemistry, Wakayama Medical College, Wakayama, Wakayama 640, Japan.
(9), and malignant melanoma (77) of the human skin. Each tumor collagenase showed significant differences from others as well as from the normal skin collagenase (72, 75) in various respects, such as pH optima, susceptibility to inhibitors, etc. It appears that there are several different types of tumor collagenases and, further, that their activities are correlated with the degree of malignancy. Before testing this hypothesis, it is necessary to establish that tumor cells per se produce specific collagenases. Crude "tumor homogenates" are always contaminated by fibroblasts, granulocytes and phagocytes, each of which contains or produces collagenases (14, 15) .
The best method to demonstrate collagenase production by tumor cells is to establish a pure culture of tumor cells which is free from fibroblast contamination. In the present investigation, we have established several cell lines to investigate collagenase production by these cells.
MATERIALS AND METHODS
Human Malignant Melanoma Cell LinesThree major cell lines were established from three different patients; KHm-1 cell line was established from a primary tumor of the back of a 39-year-old white male; KHm-3 was cultured from a metastatic lymph node of the left axilla of a 64-year-old white male; and KHm-4 was obtained from a primary tumor of the left leg of a 42-year-old white male. The original cell lines were designated "wild." KHm-1 was further cloned into KHm-1-III and KHm-1-IV, starting from single, selected melanoma cells.
These cell lines were continuously subcultured in a medium consisting of Eagle's minimum essential medium (MEM) (GtBCO) with 10% fetal bovine serum, penicillin (100 U/ml), streptomycin (100 /ig/ml), and amphotericin B (0.25 (tgj ml). The incubators were kept at 37°C and under 5% COf. The cells were harvested at various stages. Light and electron microscopic examinations were periodically performed to check the viability of cells, the presence of melanosomes, and the absence of contaminants (fibroblasts, bacteria, and mycoplasma). The biological data of these cell lines will be published elsewhere (75).
Preparation of Crude Enzyme SolutionsCultured melanoma cells:
The cultured cells were rinsed three times with phosphate-buffered saline (pH 7.2) and continuously cultured in MEM without fetal bovine serum for an additional three days until harvesting. The cells were harvested mechanically with a glass rod, without using trypsin. The crude enzyme solution was prepared in an ice bath by sonication of the harvested cells with 5-10 volumes of 0.05 M Tris-HCl buffer (pH 7.6) containing 0.005 M CaCJ, (Tris-CaCl a buffer) for 15 s at 100 kW. The sonic treatment was repeated three times at intervals of 15 s.
Culture medium: Serum-free culture media were collected after harvesting the cells. The media were dialyzed against Tris-CaCI, buffer and concentrated 30 times using Bio-Fiber 50.
Assay of Collagenolytic Activity-Collagenolytic activity was assayed using native reconstituted collagen by the method of Nagai et al. (17) . The reaction mixture consisted of 0.3 ml of 0.2% "C-labeled collagen, which was prepared from guinea pig skin (JO), and 0.3 ml of crude enzyme solution. After incubation at 37°C for 18 h, the reaction was terminated by centrifugation at 81,500 xg for 30 min at room temperature. Supernatant (0.3 ml) was added to 10 ml of InstaGel (Packard Instrument Co., Downers Grove, III.), and the radioactivity was counted in a liquid scintillation spectrometer.
Polyacrylamide Disc Gel Electrophoresis-The incubated reaction mixture was dialyzed against 0.05% acetic acid overnight and centrifuged at 56,500 x g for 20 min to remove undissolved materials. After denaturation at 50°C for 20 min, an aliquot of the reaction mixture was examined by polyacrylamide gel electrophoresis by a slight modification of the method of Sakai and Gross (18) .
Inhibitor Studies-To 0.3 ml of substrate solution, 0.2 ml of crude enzyme solution, and 0.1 ml of collagenase inhibitors, cysteine or EDTA at a final concentration of 0.01 M, were added (7, 9) . After incubation for 24 h at 25°C, the reaction mixture was examined by polyacrylamide disc gel electrophoresis as described above.
Preparation of SLS Crystallites-The reaction mixture was incubated at 20°C for 24 h and then acidified to pH 3.8 with acetic acid. The acidified solution was dialyzed against 0.05% acetic acid overnight and then centrifuged at 65,000 x g for 20 min. The supernatant was dialyzed against 0.4% ATP (salt-free, Matheson Coleman & Bell, Norwood, Ohio) solution in 0.05 M acetic acid overnight to form SLS crystallites (19) . SLS specimens on copper grids were air-dried and then stained with 1 % aqueous phosphotungstic acid for 2 h and stained again with 1 % aqueous uranyl acetate overnight for examination by electron microscopy.
Caseinolytic Activity-Caseinolytic activity of the crude enzyme solution was measured according to Kunitz (20) and expressed as fig of trypsin (2X crystallized, from bovine pancreas, Sigma Chemical Co., St. Louis, Mo.) equivalent.
Protein Determination-Protein concentration was determined by the method of Lowry et al. (21) . 
RESULTS
Cultured Cells-The cultured melanoma cells of all cell lines were piled up in several layers ( Fig.  IA and IB) . Round, spindle, and giant tumor cells were present (Fig. 1C and ID) . Individual cells contained many melanosomes in various stages of maturity (stage 1-4) (Fig. IE and IF) . No fibroblasts or other types of cells were seen.
Isotope Release- Table I summarizes the results. The most convenient value with which to compare the collagenolytic activities of different cell lines is the " % lysis/mg protein." Significantly high collagenolytic activities were observed initially at the 12th passage of KHm-1 cell line (27.2%), whereas later assays at the 80th passage showed very low activity (0.2%). The original wild cell line was cloned into amelanotic (Clone III) and melanotic (Clone IV) cell lines to see whether some of the subpopulations showed higher collagenase production. At the 73rd passage, however, both cell lines had only a very low collagenase activity (0.2%). It is noteworthy that as the number of subculture passages increased, the collagenolytic activities of KHm-1 cell line decreased.
KHm-3 and KHm-4 cell lines were established recently. Although the activities were lower than that of KHm-1, both cell lines produced significant solubilization of collagen gel (1.7 and 4.4%) at the 21st and 12th passages, respectively. Trypsin, 3 fig, lysed only 1 .6% of the substrate collagen, suggesting that trypsin-like activity of the homogenate was not significantly related to the observed collagenolysis.
The media in which these cells were cultured did not exhibit significant collagenolytic activity in most cell lines (0.2%), except for KHm-1-wild at the 80th passage (2.2%), even after activation treatment for latant collagenase (22) .
Disc Electrophoresis-Disc electrophoresis of denatured control tropocollagen produced wellknown, characteristic bands (Fig 2A) . tion mixture incubated for 18 h with crude enzyme of KHm-3 cells yielded new bands, a A and /3 A , which apparently represented degradation products of the a and /9 chains (Fig. 2B) . When the reaction mixture was incubated for 48 h, the number and density of the degradation bands increased (Fig.  2C) . In these electrophoretic patterns, at least two additional bands (*) appeared in front of a A , representing lower molecular weight degradation products of a chains.
Inhibition Study-In this experiment, control and reaction mixtures (Fig. 3A and 3B ) yielded normal and degradation patterns similar to those in Fig. 2 . When 10 mM cysteine was added to the reaction mixture, the degradation bands disappeared (Fig. 3C) . In the presence of 10 mM £DTA, faint degradation bands were seen (Fig.   3D ) but the number and density were much less than those of the reaction mixture without inhibitor.
SLS Crystallites-SLS crystallites of cleaved tropocollagen were commonly found in the reaction mixture. In many cleaved molecules, banding patterns were obscured, probably because of the secondary action of a non-specific protease upon the primary scission products. However, comparing relatively well preserved fragments with intact crystallites it could be demonstrated that the cleavage of the molecule took place on or near the p\ region, which is the distal band of threequarter-length segments from the "A" end (23), producing TC^ (Fig. 4) . The smaller component of the cleaved molecule, TC^, was also found, but less frequently, and was less well preserved.
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DISCUSSION
Unlike the case with in vivo studies (//), the amount of melanoma cells which could be cultured and harvested was small and the number of experiments that could be performed was limited. Nevertheless, we have adequately demonstrated by three independent methods (isotope release, disc electrophoresis, and SLS crystallites) that the human melanoma cell itself can produce specific collagenase in a pure culture system. This collagenase, as in vivo, is directly extractable from the tumor cells in an active form. The levels of collagenolytic activities of early cultures of these cell lines are comparable to or much higher than those of homogenates of human melanoma (11), squamous cell carcinoma (9) or basal cell epithelioma (7) in vivo as measured with similar techniques. The specificity of the collagenolytic activity was confirmed by specific inhibition of the enzyme activity by collagenase inhibitors and by the characteristic cleavage of collagen molecules as demonstrated in SLS form.
Initially, we assayed KHm-1, wild, soon after the pure cell line had been established and obtained an encouragingly high activity. However, by the time we had subcultured enough cells to perform kinetic studies, etc , the collagenolytic activity had drastically diminished. A few other old cell lines then available were also assayed, yielding negative results. Recently, we succeeded in the culture of two additional melanoma cell lines (K.Hm-3 and K.Hm-4), and these cell lines in early passage demonstrated collagenase activity. Preliminary studies in our laboratory showed that the KHm-1 cell line which had lost collagenase activity regained it after transplantation into a nude mouse (unpublished data). It may be postulated that melanoma cells which were isolated from collagen ceased to produce collagenase, presumably an adaptive enzyme.
The total collagenolytic activities as demonstrated in this study apparently represent specific collagenases which split collagen molecules specifically and contaminating proteases which further degrade the split molecules. Such impurity of the enzyme solution is obvious, for example, in the disc electrophoretic patterns of degraded collagen. However, the important point is that these collagenases and proteases are produced by tumor cells per se and that the total effect of these enzymes may well have a significant bearing on stroma destruction and tumor invasion.
